sponse to GH. In rare disorders such as those with short stature, treatment decisions cannot easily be deduced from personal experience. An interactive approach utilizing the derived experience from large cohorts for the evaluation of the individual patient and the required decision-making may facilitate the use of GH. Such an approach should also lead to avoiding unnecessary long-term treatment in unresponsive individuals.
only used for treatment of GHD, but successively also became an approved indication for a variety of disorders associated with short stature [4] , most of which are not associated with impaired GH secretion. While it is today also recognized that severe GHD requires GH replacement during the whole life span [5] , there is an ongoing debate over the justification of GH therapy for growth augmentation in non-GHD children [6] . The modalities of care during treatment with GH vary and there is neither evidence nor consensus about how to proceed [7, 8] . The discussion about optimal rhGH therapy [9, 10] -particularly in non-GHD disorders -is fueled by several facts: (1) complete early catch-up growth and normal adult height are not always reached in many individuals with GHD and even less often in non-GHD individuals, (2) debate about the long-term safety of rhGH [9, [11] [12] [13] [14] , and (3) GH treatment remains quite expensive and strategies to optimize costs have not been developed. The aim of this article is to discuss strategies of treatment with GH in children and adolescents that are likely to give optimal results with regard to growth and to open views towards efficiency of GH use. The discussion is based on the experience with rhGH accumulated in recent decades and on recently developed growth response prediction algorithms [15] .
Decision-Making Process
Before, during, and after GH therapy, a multitude of factors needs to be evaluated. The decision-making processes involves a number of considerations for the treating team, the patient, and his/her parents.
Diagnosis of Growth Disorders
Even though the issue of the diagnosis in disorders treated with GH is not the central theme of an article dealing with treatment, the appropriate diagnosis is the key for an adequate therapeutic result. The diagnosis drives the expectations and the interpretation of the growth response to GH. In particular, the diagnosis of GHD is a difficult one and needs to be based on anthropometrical and biochemical evaluations, as well as on imaging procedures and possibly on molecular genetic investigations [16, 17] . Thorough and potentially repeated biochemical evaluation of GH secretion is particularly important in patients with presumed isolated congenital GHD. In some disorders with short stature for which GH is approved, the diagnosis can be reliably made [Turner syndrome (TS), Silver-Russell syndrome, Prader-Willi syndrome, and SHOX (short stature homeobox gene on the X-chromosome) haploinsufficiency], but in other disorders [e.g. small for gestational age (SGA) and idiopathic short stature (ISS)] the diagnosis is purely descriptive [18, 19] . The response to GH in treated patients may consequently be quite variable due to the heterogeneity of the underlying causes. There is the view that there is not only a continuum with respect to the diagnostic criteria, but also to the responsiveness to GH between isolated GHD, SGA, and ISS [20] , which in effect would make a distinction between these entities unnecessary. Even if this were true, the use of GH is only authorized for specific indications (diagnoses) and the use of GH outside this framework may result in legal consequences for the prescriber due to 'off-label' prescribing.
Safety of rhGH
Although the safety of rhGH is very well documented during the childhood years [21, 22] , there is an ongoing discussion about longer-term safety in terms of metabolic disorders and malignancies, particularly when used for statural indications other than GHD [12, 13, [23] [24] [25] . These concerns highlight the need for long-term surveillance of children treated with rhGH [26] . The information about rare but realistic short-term risks (e.g. benign increased intracranial hypertension, scoliosis, and slipped capital femoral epiphysis) as well as discussions about potential late effects need to be shared with parents and patients when GH therapy is under consideration. Foremost, the potential risks in an individual with a specific diagnosis need to be taken into consideration. If the individual's risk of treatment cannot be estimated with some certainty, the initiation of treatment may be reconsidered. The physician must also ensure that the patient/ family has a clear understanding of the general and specific side effects to GH that may occur during treatment. They also need to be instructed as to which actions can and will be taken in the case of any specific undesired event [27] , even if is known to occur only rarely. Openness about potential problems is also the basis for a good relationship between the interacting parties that is the essential foundation for successful long-term therapy.
The identification of factors that would increase the risk of adverse effects from GH treatment is part of the diagnostic work-up after the cause of short stature has been established. It is obvious that the spectrum of investigations for the identification of underlying risk factors in a child with TS or after treatment for malignancies is different from those in isolated idiopathic GHD. Unfortunately, it still remains unclear which parameters should be monitored and how often during treatment in order to avoid side effects of GH. It appears intuitively sound that GH treatment should be conducted in a way so that any abnormality in body composition, functioning, or biochemistry is avoided. Whether the levels of GH-dependent parameters (e.g. IGF-I) can be used as a guide for safe GH treatment is still unclear [28, 29] . Long-standing high serum IGF-I levels should be avoided, but it is unclear what the limit should be [e.g. >+2, +2.5, or +3 SDS (SD score) for age] and for how long. In addition, the role of IGF-binding proteins in interpreting any adverse effect of IGF-I needs to be clarified. Likewise, it is still uncertain whether targeting the GH dose primarily according to IGF-I levels in GHD and non-GHD disorders [30, 31] is optimal for the safety of GH therapy in children and adolescents (see below; http://jcem.endojournals.org/cgi/ ijlink?linkType=ABST&journalCode=endo&resid= 152/7/2546).
Adherence/Compliance
The correct interpretation of growth results requires that the patient comply with the recommended treatment. It is known that noncompliance with GH treatment is frequent [32] since the drug needs to be injected daily over many years and during different developmental stages of the child. In contrast to these difficulties, the psychological burden of being short varies and is often only moderate. In particular, there is no physical suffering or pain involved with short stature. Instruction regarding the technical aspects of GH injections, as well as the features of injection devices, may play a role in compliance [33, 34] . Nonadherence has a proven negative impact on the outcomes of treatment [35] . There is presently no widely applied strategy to monitor rhGH treatment compliance [36] .
Repeated measurements of GH-dependent parameters other than growth (e.g. serum IGF-I levels) appears, however, to be a more objective approach during followup than accounting for injections [37] . If an IGF-I level in a series of IGF-I measurements (within several weeks or months) on a constant GH dose is significantly lower than the others [38] , impaired adherence can be assumed as the foremost cause. However, it is not absolutely clear what the expected IGF-I levels in an individual with a specific growth disorder on certain GH doses should be. An individual IGF-I target level could perhaps be established by measuring IGF-I levels after a period of assured injections of GH, as in an IGF-I generation test [39] . In order to develop a realistic idea about an individual's target IGF-I level (or that of other GH-dependent peptides) while receiving GH, measurements of such parameters should probably be done as part of a dose escalation program during the first 4 weeks of treatment [40] and then rechecking the levels at intervals of 3-6 months, or perhaps more often.
The strategies to improve adherence once an impairment has been established are complex [41] and not always successful. It is therefore of utmost importance to carefully instruct the patient and the family at the beginning of GH therapy of all aspects of treatment. A realistic expectation of the short-and long-term effects of therapy is one of the most important aspects to assure adherence to treatment. Consequences of suboptimal growth in response to GH with regard to further diagnostic measures and potential therapeutic consequences, including termination of treatment, should always be discussed before and repeatedly during therapy. Reducing visits with the treating physicians/team to the minimum (e.g. once a year) for the sake of cost is probably not helpful in promoting adherence to treatment. New modes of interaction between patients and physicians offered by information technology could be used in the future.
Expected Long-Term Effect of GH Therapy
For most growth disorders treated with GH, data on adult height in groups of patients have been reported [4] . There is, however, no uniform consensus among physicians about what height should be achieved with GH and when GH treatment should be stopped. In GHD, a disorder which can be assumed to be of lifelong nature, treatment for stature may be continued as long as there is still growth potential. Whether it is justified to continue the childhood GH dose, which is higher than the GH doses recommended for the transition phase or in adult life [42] , when approaching adult height should be considered.
It is not quite clear which parameters are the best to define the moment when to stop childhood GH replacement in GHD [43] . Commonly, in both GHD and in non-GHD short stature, it is assumed that near-adult height (NAH) is reached when the height velocity (HV) slows down below 2 cm/year and/or the remaining growth potential is in the order of 1-2% of adult height. The latter may be assumed when the bone age has reached 14 years in girls and 16 years in boys [44] . Still, under these conditions, the growth potential of adolescents may differ substantially between individuals. Biochemical markers released by the growing tissue (e.g. bone-specific alkaline phosphatase) may also be useful markers [45] . In GHD, the desired height should not only be within the normal range for the population, but also more importantly within the target range [46] for the family.
The criteria for when NAH is reached are probably very similar in GHD as well as in growth disorders with unimpaired GH secretion such as TS, SGA, chronic renal insufficiency, SHOX deficiency, and ISS. However, there is no consensus when GH treatment in these disorders should be stopped, with the views held by the patient and parents, the managing physician, and funding agency not always in alignment. Cessation points for rhGH include a desire by the patient to stop treatment, the lower limit of normal height for sex and the population, achievement of genetic height potential, and achievement of NAH. In clinical studies designed to gain evidence for the longterm efficacy of rhGH, patients are probably treated to NAH in order to explore the full potential of treatment. In a normal clinical setting, where the cost of GH may be borne by insurance companies or national health systems, treatment is probably stopped when the lower limit of normal adult height is approached (e.g. -2.0 SDS; 3rd centile = -1.88 SDS). It should also be considered that patients want to reach a height within or close to normality, irrespective of calculated height derivatives, such as parental target range, which may be of relevance only from a medical point of view.
There is currently a wealth of information about NAH reached with long-term GH treatment in groups of patients with GHD [47] [48] [49] and in various other disorders [50] . This allows counseling of patients/parents in a general way about the prospect of treatment. However, for advising the individual patient, it appears to be even more important to give information about the most likely height achievable given the individual circumstances and the most likely therapeutic strategies (including GH doses) at the beginning and to reassess during the course of treatment. Based on data from large cohorts, mathematical algorithms have been published that allow the calculation of the expected height -or gain in height -of children with GHD, TS, SGA, and ISS [47] [48] [49] [50] [51] [52] [53] .
Some of the authors of this article (M.B.R. and A.L.) have been involved in the development of prediction models for children who have reached adult height and have been documented within KIGS [Pfizer International Growth Database, Pfizer Inc.; [53] [54] [55] [56] [57] . The details of the predictors and the parameter estimates of the prediction equations for GHD, TS, ISS, and SGA are summarized in table 1 .
The algorithms shown in table 1 can be used to calculate the most likely achievable height given a certain constant GH dose within the approved range for the diagnosis. In table 2 , there are three examples of children with TS, all with a projected adult height of 146.8 cm and who are expected to reach different adult heights based on differences in ages at onset of GH treatment, parental heights, GH doses, or levels of first-year growth responsive (see below) to GH.
Obviously such calculations also need to consider the error of the long-term prediction and potentially other aspects (e.g. changes in dosing of GH or the timing of puberty) which may modify the results. Nonetheless, the figures will give all parties involved some realistic idea about the overall potential of GH treatment in an individual rather than adhering to general statements about results in groups of patients from randomized clinical trials or observational cohorts. This will influence the decision to start treatment in the first place and/or will affect the adherence to treatment once this decision to treat has been made.
Short-Term Growth in Response to GH
After the decision to treat a short child with GH has been made, several somewhat more technical, but important, aspects have to be considered: (1) GH dose and frequency, (2) how to express the response to GH, (3) at which time intervals to evaluate the response to GH, (4) how to evaluate the response to GH, and (5) what the potential consequences of the observed growth (e.g. change in GH dose, stopping GH, or other treatment) could be.
Dose of GH and Frequency of Injections
During the years of pituitary GH, injections were commonly given intramuscularly 2-3 times per week. However, it was subsequently shown that dividing the weekly dose into daily fractions gave superior growth results [59, 60] and that injecting GH by the subcutaneous route was no less effective [61] .
In GHD, GH treatment is considered a replacement therapy. Here the dose required could be estimated based on the normal GH secretory rate in children of various ages, gender, and different developmental stages [62] . The studies to obtain approval of treatment with rhGH in GHD were originally conducted with dosages that were thought to reflect the daily GH production rate in prepubertal children. Accurate estimates of the amounts of GH secreted in prepubertal and pubertal children were, however, only possible by means of frequent sampling and deconvolution analyses [63] [64] [65] [66] [67] . However, these methods only became available after specific studies led to the approval of rhGH in GHD. In non-GHD disorders with short stature, the approved GH dosages were based on the doses used for phase III trials. In these studies, the dosages reflect the 'intelligent guesses' of the planners of such studies with regard to achieving the hypothesized effects of the trial. These doses are not necessarily the optimal ones for the intended effects. Moreover, based on the available data, the regulatory authorities in Europe, the USA, and Japan [68] have sometimes approved different doses for the treatment of the same diagnosis (e.g. SGA; table 3 ). Circumstances may also differ in other countries. It is also an open issue whether or not the individual GH dose should be calculated based on body weight or body surface area. However, the difference between the two approaches is only significant at the extremes of weight and in very young children where dosing should be based on body surface area. Calculation: NAH (SDS) = intercept + (parameter estimate A × X) + (parameter estimate B × Y)... (parameter estimate Z × P)). MPH = Mid-parental height; BW = birth weight; Pr = Swiss references (Prader); max. GH = maximum GH levels to stimulation tests; SR = studentized residual; ln = natural logarithm.
1 TS references = Ranke. European and US practices [8, [69] [70] [71] show that physicians initially tend to treat with highly variable doses, which are usually less than those approved by the authorities. Whether this is done to give room for dose adaptation, because of fear of dose-associated side effects, because of cost consideration, and/or because of other reasons is unknown.
Variables to Express the Short-Term Response to GH
There are a variety of parameters that could be used to express the response to GH. Deriving accurate HV terms requires that patients are prepubertal at the start and at the end of the measurement period, and that reference data are available for the chronological age in question and not contaminated by pubertal individuals. The response is commonly given as HV expressed in terms of cm/year. The advantage of expressing HV in cm/year is that the term is 'pure' and not distorted by mathematical derivations. The calculation of this term requires two height measurements to be taken: the first at the start (t0) and second at the end of the observation phase (t1). The HV calculated is allotted to the arithmetic mean of the two time points [(t0 + t1)/2] of chronological age measurements. However, the 'true' HV induced by GH would be the increment above the HV during the same time period without GH treatment. The difference between HV on GH and the HV before GH might give an approximation of the induced growth rate. Exact measurements of HV before GH replacement are often not available, not reliable, or sometimes not determined in order not to delay the start of treatment. To express HV independent of age and in relationship to normal sex-related references values, an SDS can be calculated [(HV measured -HV of reference for the same age)/SD of HV of reference]. In order to calculate this term, HV references based on longitudinal data need to be available. These are usually based on a relatively small sample size, which makes such a derived term quite inaccurate, particularly when the tempo of development (e.g. at puberty onset) does not follow the normal chronological pattern.
A comparatively more robust expression of the growth process is the change in height SDS (Ht SDS t1 -Ht SDS t0). The calculation of this term requires height references for the calculation of height SDS. References of height for chronological age are usually based on large cohorts and thus provide robust references of means and SD for age. Prepubertal references can be extrapolated [72] from existing standards for children who are still prepubertal at ages when puberty has usually commenced. Thus, HV (cm/year) and change in height SDS (ΔHt SDS) are the most appropriate parameters for describing a short-term response to GH. During GH treatment in the prepubertal years, both of these parameters are negatively correlated with age [73] . Maturational differences during the prepubertal years may partly be reflected by bone age [74, 75] . However, there is no system based on evidence to incorporate this into the analysis of growth in response to GH. 
Intervals of Follow-Up
The time which should elapse between the two height measurements depends on both the accuracy of the measurement and the HV [76] . At low velocities -given the same error of height measurement -the time elapsed between the measurements needs to be longer than on GH when HV increases. Thus, in order to assure an accurate determination of a HV before GH treatment, the time elapsed should be (6)-12 months [77] . On GH, it should at least be (3)-6 months. At the beginning of GH treatment, there is also a learning phase for the patient and parents. Therefore, it is probably too early to draw conclusions from HVs observed during the first 3 months of treatment. When response variables are based on data of measurements at start and after 12 months, very reliable information can be derived. During the prepubertal years, the references of height and HV are usually also established based on annual changes and published in relation to chronological age. There may be reasons to analyze growth while receiving GH in intervals longer than 1 year such as during puberty [54, 55] , from the initiation of GH therapy to adult height (see above), or even considering the first two prepubertal years [78] together. Office visits are important for the interaction between physician and patient, which is the basis for understanding the problems and adherence to the advice given. We believe that there should be at least two follow-up visits at a growth center per year.
How to Evaluate the Response to GH
Statistically, normal HV (cm/year) for chronological age is defined as the range between the mean ± 2 SD. Before puberty, both the normal means and SD of HV (cm/ year) decrease with age. If the response variable is expressed in terms of SDS (HV SDS or ΔHt SDS), the normal range is defined as being between the mean (0.0 SDS) and ± 2 SD. Usually, in patients with GHD, there is pronounced catch-up growth during the first year of GH treatment. The observed response parameters tend to be well above the normal range. During subsequent years, with nearing of height towards the individual target height and the concomitant fading of catch-up growth, response parameters tend to stabilize within the (upper) normal range. However, whether or not the magnitude of a response parameter reflects an 'adequate' growth response cannot be concluded from its face value. Since there is no known quantitative measure of an objectively adequate response to a dose of GH in an individual with a specific diagnosis, the interpretation of the observed response variable must be evaluated by comparison with references empirically derived from other comparable (i.e. equally defined diagnostic entity) individuals treated with GH.
For such a purpose, two separate approaches have been pursued: (1) establishing empirical growth references [79, 80] and (2) developing prediction models for the growth response [15] .
Empirical Growth References
Empirical references for growth while receiving GH are based on the analysis of large cohorts of patients with a specific diagnosis. Individual responses [e.g. HV (cm/ year)] or ΔHt SDS of prepubertal patients treated with GH (e.g. GHD, TS, SGA, and ISS) during a certain phase of treatment (e.g. first or second year on GH) were calculated. Observed data are summarized by transformation into means and SD -or centiles -in relationship to chronological age (and potentially gender). The observed response in an individual can be visualized when plotted onto the empirically derived reference charts. Individual responses expressed in terms of SDS can also be compared with corresponding reference values. The magnitude of such empirical references depends on the characteristics of the patients treated and the spectrum of the GH dose given. In the analysis based on the National Cooperative Growth Study (NCGS) experience in the USA [79] , patients with GHD received GH at an average dose of 0.30 mg/kg/week, while this dose was 0.22 mg/kg/week within the KIGS data base [58] , which was predominantly derived from patients outside the USA. The GH doses for TS were the same in both surveillance studies (0.30 mg/kg/week). In the US study, first-year data for patients with idiopathic GHD, organic GHD, TS, and ISS were published [79] . In the KIGS study, prepubertal patients with idiopathic GHD were divided into those with 'severe' GHD (maximum GH in response to stimuli <5 μg/l) and 'less severe' GHD (maximum GH in response to stimuli 5-10 μg/l). In addition, children with TS or SGA were analyzed during the first two prepubertal years on GH. Unfortunately, the two studies are not directly comparable because the study based on US data does not give numerical results, but only graphic displays of first-year percentile charts. Additionally, the KIGS-based study does not provide information related to the sex of the individuals, although the height difference between males and females is only minimal during the prepubertal years. During the first year, the observed differences in HV (cm/year) between the two stud-ies (mean levels for age) are small in idiopathic GHD (<0.5 cm/year) and very small in girls with TS (<0.3 cm/year). Both groups of authors suggest that a HV or a ΔHt SDS below the 25th percentile for age (equivalent to an approximate mean of <-1.0 SDS) should be considered as an insufficient response. The error of the mean response (HV or ΔHt SD) for age in these empirical references (GHD, TS, or SGA) is in the order of 25% (coefficient of variation). The utility of empirical reference charts or calculated figures in daily practice appears to be evident. However, the response in an individual depends on the quantity of several individual factors, which may differ substantially from the average value of such factors reflected within the reference group (e.g. GH dose). For example, a patient receiving a low GH dose will typically show a low growth response compared to the empirical references. However, in this instance, the low response may be adequate.
Short-Term Prediction Models
Prediction models for a diagnostic entity are mathematical algorithms describing a response variable during a treatment phase with several independent variables (predictors) by means of a regression equation. Model development, which requires large patient groups, is either based on data from pharmacoepidemiological surveillances (NCGS, KIGS, and GeNeSIS) or from national cooperative studies [71, [81] [82] [83] [84] [85] [86] [87] [88] [89] . The relevant predictors are selected by multiple regression analyses out of a larger set of potential candidate variables to explain the greatest variability in response with the least error [88] .
For the first prepubertal treatment years, such prediction algorithms have been derived and published by several groups of authors [83] . The approach for model development taken by the investigators varies considerably. Some models were developed for one diagnostic entity alone, while several diagnostic entities were considered together in other models. The response variables -HV and ΔHt SDS -were either considered for yearly periods or for the first 2 years of treatment together [84] . Predictors were either parameters available before or at the onset of treatment or during the first months on GH [85] . In some instances, all predictors were always available in each of the individuals taken in the regression analysis (e.g. all KIGS analyses), while some authors used specific analytical techniques to compensate for missing variables [85] . Since the GH dose is practically the only independent variable which can be modified by the treating physician, the practicality of a prediction model depends on GH dose being one of the predictors. In the case that models are derived from study populations where the GH dose was uniform, the dose cannot be a parameter explaining part of the variability of a response. One of the most essential prerequisites for a prediction model is its validation on independent cohorts. The utility and acceptance of a prediction model as a clinical tool is determined by the easy availability of the independent variables, as well as the robustness (stability of the prediction in case of a measurement error of one predictor) and the easy calculability of the response variables. The lack of the latter has so far hampered the use and experience with existing prediction models by physicians.
The characteristics of KIGS prediction algorithms for the first year of GH treatment of children with GHD, TS, SGA, and ISS [83] are listed in table 4 .
One way of describing the individual response in relationship to the reference cohort is the calculation of a studentized residual: [(observed -predicted)/error of predicted]. This studentized residual, which is an 'index of responsiveness', is a surrogate of the true responsiveness which could theoretically only be determined by a doseresponse analysis. This is not possible in a treated individual. The error of the mean prediction in GHD during the first year on GH is (coefficient of variation) about 15%, a figure which is similar to that in prediction models for TS, SGA, and ISS based on KIGS data ( table 4 ) . Thus, the error is lower than that of an empirically derived response reference (see above). In the case of a positive figure of a studentized residual, the relative response of the individual investigated ('responsiveness') is better than the mean of the reference cohort; in the case of a negative figure, the opposite is the case.
The evaluation of response and responsiveness according to the underlying diagnosis appears to be most important during the first year of treatment. During the first year on GH, a substantial fraction of the height deficit is recovered. In prediction models for growth during the following prepubertal years, the predictors are similar and have a similar degree of importance for the prediction of growth in idiopathic GHD, TS, SGA, or ISS [83] . The fact that first-year growth responsiveness (e.g. expressed in terms of the 'index of responsiveness') is an important predictor for both adult height and the total gain in height in several disorders [50, 51, 89] suggests that the responsiveness to GH is an inherent quality of an individual, which determines the long-term height outcomes in response to GH. The causes of the variability of responsiveness, which may be genetic [90] , need to be investigated in the future.
In the case of a response and 'responsiveness' greater than expected, it can be assumed that the individual will grow well, even with less GH. In this situation, a reduction of the GH dose may be possible. In the case of a reduced response and 'responsiveness' -provided lack of adherence is excluded -unknown causes of impaired growth may be found and excluded. However, the patient may also be insensitive to GH and an increase of the GH dose or even a continuation of GH may be ineffective since no substantial gain in height can be achieved with GH. An increase in GH dosing (within the frame of that approved) is only meaningful when a patient exhibits an insufficient response but normal responsiveness and a good growth potential to GH. A normal response may also mask an inappropriate responsiveness (examples illustrated in table 5 and fig. 1 a, b; 2 a, b; 3 ) in an individual. The optimal choice of the GH dose in relationship to the observed and expected growth during the prepubertal years may require algorithms for the prediction of height over several years that are easily accessible to the physician [91] . 
IGF-I Levels for the Evaluation of Safety and Efficacy
The potential role of IGF-I as an indicator of adherence to treatment has been discussed above as it is closely associated with the GH dose. Like with the growth response to GH, the quantitative dose-response relationship between GH and IGF-I (and probably other GHdependent IGF-related parameters) depends on the diag- nosis. In addition, there is a relationship between the magnitude of gain in height and IGF-I levels. Whether growth response parameters are mostly correlated with the change in IGF-I over basal levels [92] [93] [94] , with the maximum IGF-I level attained on GH, or with both parameters, is not fully clarified [95] . Thus, the interrelationship between GH dose, growth, and IGF-I levels remains somewhat obscure. Any attempt to better understand the problem requires, in the first place, that components of the IGF system are measured exactly and that age-and sex-related references are available for comparison [96, 97] . The discussion about the role of IGF-I measurements during GH therapy has been stimulated by reports [98] which suggest that, in patients with GHD, the growth response can be optimized based on serum IGF-I (and IGFBP-3) levels during the first (two) prepubertal years on GH. The study by Cohen et al. [95] was based on observations in children with GHD who were randomized to 25, 50, or 100 μg/kg/day of GH. The main theses of the authors is that the IGF-I level may be more important than the GH dose in determining the growth response and that the GH dose could be adapted such that growth was maximal while IGF-I levels remained within certain limits for age and sex. Even though GH doses are limited by regulatory bodies ( table 3 ) , the idea should be given serious consideration. Children with low response and responsiveness whose IGF-I levels remain low or do not increase adequately on GH must be considered to be GH insensitive and may need be taken off GH. Children with an inappropriate growth response to a certain GH dose, but normal responsiveness, may receive additional GH as long as the resulting IGF-I level remains in the normal range. Children with exceedingly high IGF-I levels (e.g. >+2.3 SDS = 99th centile) -irrespective of their response or responsiveness -should receive less GH (e.g. stepdown in the GH dose by about 20% per step; IGF-I control after 4-12 weeks). Even though the IGF-I level during the first year of GH therapy depends on the diagnosis and the GH dose, there is considerable uniformity with regard to the ΔIGF-I SDS (before and on GH) between groups of patients with different diagnoses receiving different approved doses of GH [99, 100] . These data suggest that an increment above basal levels of IGF-I <1.0 SDS is likely to be insufficient during the first year of GH treatment. However, further studies need to be conducted in different diagnostic categories including standardized measurements of IGF-axis components.
GH Dosing according to Individual Responsiveness
In two studies so far, attempts have been made to prove that optimization of GH treatment is possible when information from a growth prediction model is considered. Kriström et al. [100] treated a group of children with GHD and ISS with GH over 2 prepubertal years. The patients were randomized to receive either a standard dose Estimate 1st-year growth predict 1st-year growth response; action plan for deviation from expected growth; discuss exit scenario with patient of GH (43 μg/kg/day) or to an individualized GH dose (17-100 μg/kg/day). In the individualized group, the dose was chosen according to the predicted height (the lower the predicted height, the more GH recommended). By doing this, the number of children with poor outcomes was significantly reduced. In the study of Jung et al. [101] , children with SGA were randomized into two groups: one received GH at a fixed dose of 67 μg/kg/day for 1 year, while the other group received 35 μg/kg day at the start. After 3 months, a prediction of the 12-month growth rate was conducted. In the case of an expected gain in height of >0.75 SDS, the dose was continued, but at a lower predicted gain the dose was increased to the fixed dose. Both groups had similar height responses after 1 year. Such 63 studies need to be continued in order to strengthen the evidence that a modification of treatment based on responsiveness will improve adult height outcomes.
Pubertal Growth
The determination of the magnitude of pubertal growth itself is complex. Depending on whether the onset of puberty is defined by pubertal stages (Tanner), which is common in clinical practice, or by the analysis of the growth process [102] , different results are obtained in spontaneously developing children and in children treated with GH [103] . Pubertal growth is the result of the interaction between sex steroids and the GH-IGF system, and the tissues affected by these hormones [104] . In children who also have additional hypogonadism (GHD and TS), the timing of induction of puberty should be oriented toward (late-) normal development. The complex modalities of treatment, which are not the specific target of this article, should aim at imitating normal puberty [105] [106] [107] .
In healthy adolescents, the magnitude of pubertal growth of an individual depends on the distance between the height reached at puberty onset and the target height [108] . A child with a given target height will grow more during puberty when its onset is at an earlier age (or bone age) and at a lower height than a child with the same target height who is older and taller at pubertal onset. The same principle is valid during treatment with GH in short children [109] . GH secretion and IGF-I levels are considerably higher during puberty, which may aid GH treatment during this phase of development. However, while the growth response to GH during puberty is dose-dependent, the dose effect is surprisingly small given the dramatic increase of the hormones in the GH-IGF axis during this phase. In a study by Mauras et al. [110] , the doubling of the prepubertal GH dose in adolescents with GHD during 3 years of puberty only resulted in an additional gain of 4.2 cm. Mathematical algorithms describing growth during puberty while on GH therapy in GHD, TS, SG, and ISS confirm that the role of GH on growth is minor during this period [109] . Since patients are heavier/taller during puberty, the gain achieved with GH is also much more expensive than during the prepubertal years. Thus, any dose increase during puberty needs to be based on its potential benefit which can be estimated by utilizing prediction algorithms at the onset of puberty. The analysis of the cost:benefit ratio becomes a more relevant issue during puberty. Since the height (SDS) reached at puberty onset correlates highly with adult height, the attempt to normalize height should focus on the prepubertal years. In growth disorders not associated with GHD, studies should be conducted to determine how much GH is required to maintain a degree of pubertal growth sufficient to reach a normal adult height once normalization of height for age (developmental stage) has been reached at puberty onset. Some but not all investigators suggest that additional gain in height can be achieved by medically suppressing puberty in cases with an unfavorable height prognosis [110] [111] [112] [113] [114] , but this is not routine practice.
Proposed Treatment Algorithms
To conclude, the authors suggest that the treatment process with GH should take into consideration a multitude of aspects in a stepwise and structured fashion. Therefore, we have devised algorithms ( table 6-8 ) for various phases and aspects of this process. For a process as complex as the treatment with GH in a multitude of diagnoses and developmental phases of childhood and Calculate expected total pubertal growth based on prediction models (if available) or prediction systems based on bone age a b if expected adult height within the normal range: continue prepubertal GH dose if expected adult height below normal range: estimate further gain of height by increasing to pubertal GH dose if normalization of adult height not likely by pubertal GH dose, consider additional medication to delay puberty adolescence, these algorithms may not consider all relevant aspects. However, they may guide the physician towards a more optimal treatment.
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